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Purpose: The purpose of this study was to examine the immediate and mid-term results of 
thoracoscopic upper dorsal (T2-Ta) sympathectomy for primary palmar hyperhidrosis. 
Methods: From June 1993 to October 1994 we performed 106 sympathectomies on 53 
patients with palmar hyperhidrosis. Thirty-four female patients and 19 male patients 
ranging in age from 15 to 44 years, (mean 23.1 years) were studie& Both sides were 
operated uring the same surgical procedure. The T2-T a ganglia were resected by 
electrocuting with a hook and were removed for histologic examination. Follow-up for a 
mean of 19.25 months was obtained on 52 patients (104 operated limbs). 
Results: All limbs were completely dry at the end of the procedure, and hyperhidrosis did 
not recur during the whole follow-up period. Short-term postoperative complications 
(mainly atelectasis, pnetunonia, pneumothorax, and hemothorax) occurred in six (11.3%) 
patients. Long-term sequelae were observed in 43 (81.1%) patients and included Horner's 
syndrome (9 patients, 17.3%, one side only in each patient), neuralgia (7 patients, 13.5%), 
and compensatory h perhidrosis (35 patients, 67.3%). These sequelae were not permanent 
in all cases, and the degree of severity was variable. Six (11.5%) patients, three of whom 
regretted being operated, were dissatisfied with their results: one because of Horner's 
syndrome, one b cause ofpersisting neuralgia, nd four because ofcompensatory sweating. 
Conclusions: Despite the large number of postoperative long-term sequelae, 88.5% of 
patients expressed subjective satisfaction from the procedure. Obtaining 100% ofdry hands 
on mid-term follow-up makes this approach rewarding. (J Vasc Surg 1996;24:194-9.) 
Primary palmar hyperhidrosis is a pathologic on- 
dition of excessive perspiration of unknown cause. It 
results in severe occupational, emotional, and social 
handicaps. An epidemiologic study of a young popu- 
lation in Israel 1 has shown that 0.15% to 0.25% were 
severely affected by palmar hyperhidrosis. The con- 
temporary treatment of choice is surgical thoraco- 
scopic sympathectomy. 27 Follow-up of such proce- 
dures reveals a minute amount of immediate failure 
and a small rate oflate recurrence.2'6-~° Most commu- 
nications report electrocautery of the upper sympa- 
thetic chain. 2,6,8-1° Previously, we reported arandom- 
ized comparison of the open supraclavicular approach 
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to the thoracoscopic thrce-port access. 3 This study 
did not show a strildng advantage of the thoraco- 
scopic approach. Accordingly, we modified the anes- 
thesia, using a single-lumen endotracheal tube with- 
out total intraoperative lung collapse and only two 
5 mm ports. We report our results in 106 operated 
limbs by this modified technique, inwhich the T2-T 3 
sympathetic ganglia were resected and removed for 
analysis with the use of a diathermy hook. 
PATIENTS AND METHODS 
During the period from June 1993 to October 
1994 (16 months) we performed a bilateral thoraco- 
scopic T2-T 3 sympathetic ganglionectomy in 53 un- 
selected, otherwise healthy, consecutive patients af- 
fected by severe primary palmar hyperhidrosis. All 
patients had dripping hands, which caused a grave 
professional nd social handicap (use oftools, writing, 
drawing, shaldng hands, physical contact with the 
opposite sex, etc.). A total of 19 male patients and 34 
female patients ranging in age from 23.1 + 6.7 years 
(range, 15 to 44 years) were studie& Forty-nine 
JOURNAL OF VASCULAR SURGERY 
Volurne 24, Number 2 Kopelman et al. 195 
(92.5%) patients reported excessive palmar sweating 
since early childhood, and in three (5.7%) a family 
history of hyperhidrosis was obtained. The anatomic 
distribution of excessive sweating isgiven in Table I. 
In these areas except for the feet, although perspira- 
tion exceeded the regular moisture, it did not reach 
the extreme "dripping" condition of the hands. 
All operations were performed either by one of 
two experienced surgeons or by residents under the 
supervision ofone ofthem (most of the cases). Gen- 
eral anesthesia with a single-lumen endotracheal intu- 
bation was used in all cases; the patient was in a 60- 
degree upright position. A Veress insufflation eedle 
was inserted with a 5 mm incision made in the mid- 
clavicular line in the second intercostal space. Pneu- 
mothorax was obtained by insufflating 1.5 to 2 L of 
CO 2. A 5 mm endoscopic trocar was inserted through 
this incision, and a 5 mm, 0-degree scope (Storz, Ger- 
many) was introduced. The first and second ribs and 
the sympathetic chain over the costovertebral junc- 
tions were identified. A second 5 mm trocar was in- 
serted in the anterior axillary line in the fourth inter- 
costal space, through which a right-angled endo- 
scopic diathermy hook was introduced. The pleura 
over the second rib was incised starting from a point 
medial to the sympathetic chain and running laterally 
for approximately 2 to 3 cm to transect the nerve of 
Kuntz (if present). A longitudinal incision of the 
pleura was made along the median border of the sym- 
pathetic hain down to the fourth rib and continued 
over the fourth thoracic ganglion. The chain was dis- 
sected by electrocuting the white and gray rami and 
was incised over the second and fourth ribs. Thus the 
T2-T a ganglia were extirpated and seht for histologic 
confirmation. The lung was expanded, and the gas 
from the pleural cavity was aspirated. The instruments 
were removed without leaving any chest dran, The 
same procedure was immediately repeated on the 
other side. A chest radiogram was obtained at the end 
of the operation. 
The lengths of the anesthesia and of the operation 
were recorded. The difficulty in identifying and in 
resecting the sympathetic chain was evaluated by the 
same senior surgeon on a scale of 0 to 2 (0 being the 
easiest). A 0 grade was attributed when the sympa- 
thetic hain was visible through the parietal pleura nd 
when the resection was performed without meeting 
any technical problem. A grade 1 was given when the 
chain was not visible but could be identified by 
palpation through the pleura and when resection 
required unusual procedures like transection of a 
relatively large vein crossing the chain. A grade 2 
difficulty was determined when identification of the 
Table I. Anatomic distribution of 
excessive sweating 
Sites of excessive No. of 
sweating patients Percent 
Hands only 14 26.4 
Hands and feet 25 47.2 
Hands and axillac 2 3.8 
Hands, axillae, and feet 11 20.6 
Hands, axillae, feet, and back 1 1.9 
sympathetic chain was possibly only after the parietal 
pleura was opened and when resection was compli- 
cated by either unusual anatomic haracteristics or 
exceptional technical difficulty. The postoperative 
state of perspiration of the bands, the complications, 
and the analgesic requirement were recorded. All 
patients were examined in the outpatient clinic until 
they fully recovered from the operation. Follow-up 
was obtained in 52 out of the 53 patients by means of 
a telephone interview ith a detailed standard ques- 
tionnaire. Clinical examination was added only when 
the patient reported objective physical signs like the 
Horner's yndrome. 
RESULTS 
The procedure was successful in all operated limbs 
with no need ofconversion toan open approach. The 
total ength of the operation (both sides) was 46.2 _+ 
18.9 minutes (range, 25 to 105 minutes). The length 
ofanesthesia w s 110.5 + 32.8 minutes (range, 45 to 
170 minutes). The difficulty of identifying the sym- 
pathetic chain was graded as easy in 94 (88.7%) 
operated sides, intermediate in 9 (8.5%), and difficult 
in 3 (2.8%). The technical difficulty in performing the 
resection was graded as easy in 95 (89.6%) operated 
limbs, intermediate in 10 (9.4%), and difficult in 1 
(0.9%). No significant bleeding occurred; hence nei- 
ther blood transfusion ot intercostal drainage was 
needed. The postoperative chest radiograms showed 
only a slight (<1 cm) residual pneumothorax in three 
patients and none in the remaining cases. On histo- 
logic examination all resected specimens included 
sympathetic ganglia. 
All bands were dry immediately after the opera- 
tion. In one patient rebound sweating in both hands 
was noted a few days after the operation. It persisted 
for only a week and did not recur on follow-up of 
almost a year. Postoperative analgesic requirement 
consisted of an average of 1.55 + 1.75 intramuscular 
injections of 10 mg morphine (range, 0 to 10). An 
unusual complication ofpostoperative pl uritic hest 
pain that subsided before discharge was reported by 
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Table II. Length ofpostoperative 
hospitalization 
No. of days No. of patients Percent 
1 42 79.2 
2 5 9.4 
3 3 5.7 
4 1 1.9 
5 1 1.9 
6 1 1.9 
Table III. Long-term sequelae 
No. of 
Sequela patients Percent 
Neuralgia 7 (1)* 13.5 (1.9) 
Compensatoryhyperhidrosis 35 (35)* 67.3 (67.3) 
Horner's yndrome 9 (3)* 17.2 (5.8) 
Total no. ofpatients with long- 43 (37)* 81.1 (69.8) 
term sequelae 
*Number ofpauents with sequelae that persisted to the end of the 
follow-up period. 
one patient. Postoperative complications developed 
in six (11.3%) patients. Pneumothorax developed 
after the operation in two (1.9%) operated sides, 
requiring the temporary insertion ofa thoracic drain. 
In one patient aone-sided hemothorax (0.9%) devel- 
oped progressively, requiring readmission and drain- 
age but no blood transfusion. Other pulmonary 
complications included pneumonia in two patients 
and atelectasis n one. The length of postoperative 
hospitalization is given in Table II and was 1.4 _+ 1.03 
days (range, 1 to 6 days). 
Length of postoperative follow-up was 19.25_ 
4.1 months (range, 11 to 26 months). No recurrent 
hyperhidrosis was reported. Sixteen (15.4%) hands 
were totally dry and required the use ofmoisturizing 
creams, 87 (83.6%) were dry to very slightly humid 
and required no creams, and one (0.96%) hand 
perspired normally but never excessively. 
Long-term sequelae included neuralgic pain, 
compensatory hyperhidrosis, and Horner's yndrome 
(Table III). In addition, three (5.8%) patients were 
dissatisfied with their scars; one underwent a gratify- 
ing plastic surgical repair. 
Neuralgic pain in the chest and upper limbs 
developed inseven (13.5%) patients. In three ofthem 
it appeared immediately after the operation, and in 
four it appeared 2 weeks later. Except for one patient 
in whom neuralgic pain in the right arm persists, it 
disappeared in all others after a few weeks to a few 
months (2.8 + 1.9 months). 
Compensatory h perhidrosis was observed in 35 
(67.3%) patients, 14 men and 21 women. In 15 
(28.8%) it was mild and did not disturb the patients, 
in 13 (25%) it was moderate, but the patients man- 
aged to cope with it, and in 7 (13.5%) it was severe and 
disabling. In 12 patients it occurred in sites that did 
overperspire before the operation, representing a 
worsening ofa preexisting condition. In five ofthem 
it developed also in sites (abdomen and back) that did 
not perspire xcessively before the operation. In the 
remaining 23 patients compensatory sweating af- 
fected only areas that did not perspire excessively 
before the sympathectomy was performed. The sites 
in which compensatory h perhidrosis occurred (re- 
ported in various combinations) and the correlation 
with overperspiration at the same site before the 
operation are given in Table IV. 
Horner's syndrome was noted in nine (17.3%) 
patients, only on one side (8.6% of operated sides). It 
consisted of partial ptosis only in all patients except 
one, who also had ophthalmic anhidrosis. In four 
patients it disappeared within a mean period of 2.3 
weeks after the operation and in two others within a 
year. It persisted in the remaining three, being slight 
in one, prominent in one, and severe (including 
anhidrosis) in the last patient. 
Thirty-five (67.3%) patients expressed complete 
satisfaction from their operations; 11 (21.2%) were 
satisfied but had some reservations becausc of the 
sequelae of the procedures, 3 (5.8%) were dissatisfied: 
one because of Horner's yndrome and two because 
of compensatory sweating, 3 (5.8%)patients rcgret- 
red undergoing operation: orte because ofpersisting 
neuralgic pain in the arm and two because of severe 
compensatory h perhidrosis. 
DISCUSSION 
When we replaced the open supraclavicular p- 
proach by the thoracoscopic a cess, we found that he 
operation was not less time-consuming, the anesthe- 
sia was longer, and the paticnt's atisfaction 1 week 
after the operation was poorer, probably becausc of 
increased amount of postoperative chest pain? To 
improve the results we have ameliorated both our 
anesthetic method and our surgical technique. The 
use of single-lumen intubation with alternatively 
partially collapsed lungs by CO 2 inflation resulted in 
shorter anesthesia, shorter operative time, reduced 
requirement of postoperative analgesia, and shorter 
hospitalization (Table V). CO 2 is rapidly absorbed 
from the pleura. Its use instead of air for partially 
compressing the lung allowed the avoidance ofchest 
drains at the end of the operation, which substantially 
reduced postoperative pain. Finally, we have reduced 
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the operating time, which is also far less than the mean 
operating time for the open supraclavicular pproach 
(77.1 minutes3). Much shorter operating times than 
ours have been reported. Göthbcrg et al.,10 who 
electrocoagulate the ganglia, rcported a mean oper- 
ating time of 28 _ 1 minutcs. Chao et al. 8 reported a
mean of 41.4 minutes for electrocautery as opposed 
to 78.8 minutes for electroresection. We consider that 
one reason for our longer opcrating timc is the fact 
that ours are mostly teaching procedures p rformed 
by residcnts with limited endoscopic experience. 
Another reason is that wc resect and remove the 
sympathetic ganglia instead ofablating them. Never- 
thelcss we belicve that although it is more difficult and 
demanding, resection instead of electrocoagulation 
may improvc the outcome of the operation. Heder- 
man, 5 in reviewing the subject ofthoracoscopic sym- 
pathectomy, reported a 92% initial success rate, 
whereas we obtained ry bands in all out cases, both 
in our previous tudy 3and in this seiles. 
The extent of sympathetic resection should be 
addressed. It has been claimed that to achieve an- 
hidrosis of the hands, the second dorsal sympathetic 
ganglion should bc removed) 1'12 We rcsected the 
T2-T 3 ganglia only and obtained dry hands in all cases 
both in this and earlier 13 seiles. It is possible that for 
conditions other than palmar hyperhidrosis, the ad- 
jacent T 1 and T 4 ganglia should also be removed. 14 It 
has also been claimed that the T 4 ganglion supplies 
the axilla ~5,16 and that its resection should reduce 
overperspiration i this area as weil. Although a 
quarter ofour patients ovcrperspired in the axillae, in 
none of thcm was the condition very serious, and 
therefore we did not resect this ganglion as weil. 
Furthermore with a partially collapsed lung, T 4 resec- 
tion may be difficult, although not impossible. Such 
extcnsion of sympathectomy may possibly prevent 
axillary compensatory hyperhidrosis. Its impact on 
the development of compensatory h perhidrosis n
othcr sites is unknown and remains to be determined. 
However, it should be noticed that in our seiles 
compensatory axillary overperspiration was not a 
frequent event, occurring in only three (5.8%) pa- 
tients. 
The early postoperative complications are avoid- 
able in most cases. The main problem we met was 
atelectasis and pneumonia, which occurred in a total 
of three cases, all of which were unilateral. These 
complications are comprehensible, because the lungs 
are collapsed uring the operation, and their good 
expansion may be affected by the postoperative chest 
pain. Late pneumothorax nd hemothorax are related 
to the surgical sldll, and their occurrence should be 
Table IV. Correlation of sites of 
compensatory h perhidrosis to preoperative 
distribution of hyperhidrosis 
No. of patients with No. of these patients 
compensatory who overperspired 
hyperhidrosis at before operation at 
particular site the same site 
Axillae 3 2 
Abdomen 18 0 
Back 25 1 
Feet 15 10 
minimized by a proper technique. Another postop- 
crative event was the so-called "rebound sweating." 
This is an unexplained phenomenon. It occurred in 
one patient in this seiles, and we had obscrved it in 
two additional cases. It has also been reported by 
others. 4'6 It has been attributed to a "final transmitter 
release. ''4 We do not think that its cause has been 
elicited. Recurrence of sweating shortly after the 
operation may cause severe anxiety and disappoint- 
ment to the concerned patient. He or she should 
therefore be informed before the operation of the 
possibility of such an event and be reassured that this 
is a temporary phenomenon. The few reported cases 
do not allow us to draw dcfinitive conclusions, but it 
seems that its occurrence is not a sign predicting 
failure of sympathectomy on long-term follow-up. 
The use of fewer thinner ports results in better 
scars. This usc, however, did not prevent some pa- 
tients to be dissatisfied by the cosmetic results of the 
operation. It is rather the site of the trocars (mainly 
the front part of the chest) that is responsible for the 
displeasure. 
The three major late side effects or sequelae are 
Horner's syndrome, neuralgia, and compensatory 
sweating. Horner's syndrome was considered to be 
the major source of discontentment. In the supracla- 
vicular approach the stellate ganglion, whose injury is 
responsible for this complication, is dissected. So the 
occurrence of Horner's yndrome in up to 40% of the 
cases 1 is comprehensible. With the thoracoscopic 
mcthod it would be expected to be totally avoided. 
This, however, is not the case. It appears that electro- 
coagulation, which generates heat, and the misidcn- 
tification of the second rib are responsiblc for its 
occurrence. Pulling on the sympathetic chain beforc it 
is transected may also damage the stellate ganglion. 
By marldng the upper side of the excision of the 
sympathetic chain with a clip and subsequently ob- 
taining chest radiograms, 3 we were convinced that the 
first rib is visible, being the uppermost rib seen with 
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Table V. Comparison ofresults between this technique and former technique a 
Previous tudy 1bis study 
Length of anesthesia (min) 157.5 -+ 38.7 110.5 + 32.8 
Length of operation (min) 88.7 + 21 .ö 46.2 + 18.9 
Postoperative use ofmorphine 3.83 + 2.48* 1.55 -+ 1.75" 
Length of hospitalization (days) 2.17 + 1.34 1.40 + 1.03 
*Subcutaneous injcctions of 10 mg rnorphine. 
the camera during thoracoscopy. By avoiding pull on 
the chain during dissection, by careful identifying the 
second rib, and by rapidly transecting the chain over 
it, we were able to reduce the incidence of Horner's 
syndrome, which we did not observe in the second 
half of our series. 
Neuralgia may be a severe postoperative s quela. 
Although it subsides in most cases, in some instances 
it persists and may become aformidable problem. Its 
cause is obscure. Two mechanisms have been postu- 
lated.17 One is that sensory receptors in the periphery 
are directly activated by hyperfunctioning residual 
postganglionic fibers spared during sympathectomy. 
The second is that a simple shunting ofcurrent occurs 
at the damaged nerve endings from the sympathetic 
efferent to afferent fibers. Greenhalgh et al.~s attrib- 
uted it to brachial plcxus injury. This hypothesis seems 
to be erroneous. Ncuralgia orten devclops somc 
wecks after the operative procedure. 18,19 It has been 
described after all surgical approaches: by Atldns, 18 
who used the transaxillary oute, by Goluecke t al.,~9 
who used the posterior paravertebral course, and by 
Welch and Geary, 2° who reported the syndrome in 
32% of their cases (half of which were permanent) 
opcrated by the supraclavicular cccss. In the former 
two approaches the brachial plexus remains outside 
the surgical ficld. The thoracoscopic route is no 
exception, and several articles on patients operatcd by 
this technique include neuralgia mong the postop- 
erative sequelae, 2,4,~4,21 mostly as a rare and temporary 
complication. If the second rib is propcrly defincd 
during thoracoscopy and no electrocoagulation is 
applied above it, the brachial plexus is a few centime- 
ters away from the operative field, and damage to the 
brachial plexus cannot be implicated when ncuralgic 
pain in the limb develops. Damage to intercostal 
nerves has also been implicated as a possible cause for 
neuralgie pain in the chest. Ahn et al.14 substituted the 
large rigid thoracoports with soft rubber tubes, and 
since then they have not encountered this side effect. 
With the same idea in mind, wc rcduced the size ofour 
ports from 10 mm in our previous eries a to 5 mm 
tubes, but this did not prevent he occurrencc of 
neuralgia. Our ports, however, are rigid. Ahn et al.14 
also implicated the use of clcctrocoagulation in dis- 
secting the sympathetic chain as a possible trigger of 
postoperätive neuralgia. This may be an important 
etiologic factor. Howcver, it is very difficult to per- 
form an endoscopic procedure without the use of 
diathermy. It also seems improbable that damage to 
intercostal nerves may explain neuralgie paln in the 
upper limb. It appears that a simple etiologic expla- 
nation cannot be offercd, and the cause for postop- 
crative neuralgia in upper dorsal sympathectomy 
rcquires further clarification. 
Compensatory hyperhidrosis  another uncom- 
prehended sequela of sympathectomy, and patients 
opcrated by the thoracoscopic approach arc not frec 
ofrisk. It consists of an increased perspiration i other 
parts of the body appeailng after sympathectomy and 
has been described in a large proportion of paticnts 
(up to two thirds of cases). 1'13'22-24 It appears that 
there is no direct correlation betwecn the areas of 
overperspiration before sympathectorny and the ap- 
pearance and location of compensatory h perhidro- 
sis. In this seiles the most frcquent sitcs of compen- 
satory ovcrperspiration were the back and the abdo- 
men, sites in which usually preoperative hyperhidrosis 
did not occur (Table IV). It has been noticed to 
appear within 6 months after operation, 2snot imme- 
diately after the operation. It has been claimed to 
offen abate spontaneous ly .  23'26 In our seiles it re- 
mained persistently during the whole follow-up pe- 
riod. It was considered a compensatory thermoregu- 
lating responsc, 23,2s'27 namely, that the total amount 
ofperspiration is unchanged by sympathectomy while 
the sweating area is decreased. Ifsuch is the case, some 
questions arise. Why does it not appear immediately? 
Why does it decrease spontaneously after a while in 
some cases? Why does it not occur in every patient? It 
taust be accepted that we do not yet have a proper 
explanation for this phenomenon. Contrary to the 
impression of Byrne et al.,24 our observation was that 
this is a severe handicap for a substantial proportion of 
patients. Because itcannot be predicted who will have 
this long-term side effect, it is imperative to specifi- 
cally advise the patients of this possibility before the 
operation when obtaining their informed consent. 
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In conclusion, the modification in our technique 
of thoracoscopic upper dorsal sympathectomy as de- 
scribed allowed us to significantly improve our previ- 
ous results. 3 It abolished palmar hyperhidrosis in all 
cases, and the results persisted during the whole 
follow-up period. Once mastered, the technique is 
easy. It allows a bilateral approach to the sympathetic 
chain within one surgical session. The early post@- 
erative complications were few and minor. Recovery 
was rapid, and the postoperative hospital stäy was very 
short. Late side effects were numerous but were tem- 
porary in a large proportion of cases. Horner's syn- 
drome was a major problem in only one patient and 
may be avoided by proper surgical technique. Postop- 
erative neuralgia, although a rare complication, is un- 
foreseeable and may be severe and permanent. Com- 
pensatory hyperhidrosis, on the other hand, is a com- 
mon sequela. Its postoperative occurrence cannot be 
predicted, and it may present a severe handicap. It is 
unamenable to treatment and may be permanent. De- 
spite these problems we concur with the opinion ex- 
pressed by other authors 4&21 that thoracoscopic sym- 
pathectomy is established at present as the surgical 
treatment of choice for severe primary palmar hyper- 
hidrosis. 
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